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Accuracy of point-of-care testing for circulatory cathodic antigen in
the detection of schistosome infection: systematic review and meta-

analysis

Anthony Danso-Appiah,* Jonathan Minton,? Daniel Boamah,® Joseph Otchere,® Richard H Asmah¢
Mark Rodgers,” Kwabena M Bosompem,? Paolo Eusebid & Sake J De Vlas"

Objective To assess the accuracy of point-of-care testing for circulatory cathodic antigen in the diagnosis of schistosome infection.
Methods We searched MEDLINE, EMBASE, LILACS and other bibliographic databases for studies published until 30 September 2015 that
described circulatory cathodic antigen testing compared against one to three Kato—Katz tests per subject — for Schistosoma mansoni — or
the filtration of one 10-ml urine sample per subject — for S. haematobium. We extracted the numbers of true positives, false positives, true
negatives and false negatives for the antigen testing and performed meta-analyses using a bivariate hierarchical regression model.
Findings Twenty-six studies published between 1994 and 2014 met the inclusion criteria. In the detection of S. mansoni, a single antigen
test gave a pooled sensitivity of 0.90 (95% confidence interval, Cl: 0.84-0.94) and a pooled specificity of 0.56 (95% Cl:0.39-0.71;n=7) when
compared against a single Kato—Katz test. The corresponding values from comparisons with two to three Kato—Katz tests per subject were
0.85 (95% Cl: 0.80-0.88) and 0.66 (95% Cl: 0.53-0.76; n=14), respectively. There appeared to be no advantage in using three antigen tests
per subjectinstead of one. When compared against the results of urine filtration, antigen testing for S. haematobium showed poor sensitivity
and poor specificity. The performance of antigen testing was better in areas of high endemicity than in settings with low endemicity.
Conclusion Antigen testing may represent an effective tool for monitoring programmes for the control of S. mansoni.

Abstractsin ( ,<, H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Schistosomiasis is common in low-income tropical and sub-
tropical countries, especially where it is difficult to provide
basic care at the peripheral level." Almost a billion people are
estimated to be at risk of schistosome infection and over 200
million are infected.’” As there is a high risk of reinfection after
treatment, repeated screening and treatment are important.®’
Schistosoma mansoni and S. japonicum cause most cases of
intestinal schistosomiasis while S. haematobium causes uro-
genital schistosomiasis.

Although the World Health Organization’s (WHO?’s)
strategy for schistosomiasis control was largely based on active
case detection and treatment with praziquantel, mass treat-
ment — with no prior diagnosis - is now increasingly employed
in areas with high endemicity.” Most diagnosis is based on
Kato-Katz thick smears® for intestinal schistosomiasis and
urine filtration for urogenital schistosomiasis. The sensitivity
of both of these diagnostic techniques depends on the severity
of infection and often falls below 30% for mild infections.”"
Although repeated sampling - e.g. the taking of several stool
specimens on different days, from each subject, for Kato-Katz
testing — can increase sensitivity, it also increases costs and
the risk of false-positive results.

Since the introduction of mass drug administration within
the preventive chemotherapy strategy, the prevalence and

intensity of schistosome infection has fallen substantially in
most settings and, in consequence, such infection has become
harder to detect.” Better but low-cost diagnostic tests are now
needed to increase sensitivity without compromising speci-
ficity. It is possible to detect some schistosome infections by
testing for either of two of the parasites’ secretory metabolites
that have been linked with active infection: circulatory anodic
antigen and circulatory cathodic antigen.""'* A cassette assay
for the point-of-care testing of urine samples for the latter
antigen has been developed.” When validated in settings
in Africa, this assay was generally found to be much more
sensitive - in the detection of S. mansoni infection - than the
Kato-Katz test, although it appeared to suffer the same limita-
tion when intensities of infection were low.**

Systematic reviews are widely regarded as providing
the best evidence to inform health-care decisions.”>** The
systematic review and meta-analysis described below was
commissioned by WHO to assess the diagnostic accuracy of
point-of-care testing for circulatory cathodic antigen - here-
after called antigen testing. A Cochrane review was recently
published on the same topic.”’

The main aim of the review and meta-analysis was to
evaluate the accuracy of antigen testing in the detection of all
schistosome infections. We generally used the examination of
two Kato-Katz thick smears of stools per subject as the refer-
ence standard in the detection of S. mansoni and S. japonicum
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and the filtration of 10 ml of urine per
subject as the corresponding standard
for S. haematobium.

Methods

Search methods

We searched MEDLINE, EMBASE and
LILACS for relevant articles, in any
language, recorded between the incep-
tion of each database and 30 September
2015. We also searched BIOSIS, Web
of Science, Google Scholar, the Rapid
Medical Diagnostics database, African
Journals Online, Cochrane Infectious
Diseases Group Specialized Register,
the Cochrane Library 2015 and the
metaRegister of Controlled Trials. We
maximized the sensitivity of our search
by using free texts based on the index
test and target condition - i.e. antigen
testing and schistosome infection, re-
spectively. We also hand-checked the
reference lists of relevant articles and
textbooks and contacted experts in the
field to see if they had any relevant but
unpublished data.

Inclusion criteria

We considered a study for inclusion if,
for the detection of schistosome infec-
tion, it compared antigen testing with
Kato-Katz tests and/or urine filtration,
the pre-control infection status of the
participants was not known, the same
participants were checked using anti-
gen tests and at least one reference test,
and data on diagnostic accuracy were
reported.

The data included in our review had
to come from study participants whose
stools had been checked for S. man-
soni and/or S. japonicum eggs using
the Kato-Katz test® or whose urine had
been checked for S. haematobium eggs
using filtration of a 10 ml sample and
microscopical examination of the filter.

Diagnostic thresholds

Stool samples found to contain fewer
than 100, 100-399 and more than 399
eggs per gram of faeces when examined
as Kato-Katz smears were considered to
come from participants with light, mod-
erate and heavy infections, respectively.
Urine that contained fewer than 51 or
more than 50 eggs per 10-ml sample
was considered to come from partici-
pants with light and heavy infections,
respectively. All of the included results
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of antigen testing had been classifying
qualitatively as: trace as negative, trace
as positive or single, double or triple
positive.

Study selection

One author conducted the initial wide-
ranging search of the literature. Two
other authors then screened the results
to identify those studies that were po-
tentially relevant and useful. Full study
reports were then obtained and checked
to see if they satisfied several predefined
inclusion criteria. Any discrepancies
were resolved through discussion be-
tween the authors.

Data extraction and management

Using a standardized form, two authors
extracted study characteristics such as
the country and year in which the study
was conducted and the study design and
the methods. Information on diagnostic
criteria — e.g. the number of stool and
urine samples examined per participant
and the diagnostic thresholds employed
- and epidemiological and demographic
data - e.g. endemicity status, region

where the study was conducted, par-
ticipants’ prior treatment status, target
population, sex, age and number of
participants and whether diagnosis was
delivered at the point of care — were also
extracted.

We extracted the numbers of true
positives, false positives, true negatives
and false negatives for the antigen test-
ing — using the results of a reference test
as the gold standard. When necessary,
we contacted the authors of the pub-
lished articles on included studies to
see if they could clarify or supplement
the published results or provide raw
data that we could use. If two or more
communities were involved in a study,
data were extracted for each community
- with a link to the parent study.

Data synthesis

Data were analysed and presented as
sensitivities, specificities and false-
positive rates, with their 95% confidence
intervals (CIs). The meta-analyses
were performed using the bivariate
model specified by Reitsma et al.”* and
the MADA package in the R program-

Fig. 1. Selection of studies included in the systematic review and meta-analysis on the
accuracy of point-of-care testing for circulatory cathodic antigen in the detection

of schistosome infection

4500 records identified through database search | 78 additional records identified through other sources |

;

| 4578 citations retrieved

]

65 duplications excluded |

| 4513 records screened

I —

4390 records excluded |

| 123 full text articles assessed for eligibility |

97 articles excluded:
«Not primary data (n=57)
« Inappropriate reference standard (n=17)
«Inappropriate participants (n=11)

20 published articles on 26 studies

meta-analyses

included in the systematic review and

- Insufficient data to populate the 2x2
contingency table (1=9)
«Case—control study (n=3)

v v

v

Schistosoma
haematobium (n=2)

Schistosoma mansoni
(n=24)

Schistosoma
japonicum (n=0)

Note: Some reported articles were conducted in settings of low, moderate and high endemicity. We
treated each of these articles as a report on three studies.
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ming environment (R Foundation,
Vienna, Austria).”” The model we used
is equivalent to the hierarchical regres-
sion approach described by Rutter and
Gatsonis.””’! In the model, variance
components are estimated by restricted
maximum likelihood. To remove the
need to adjust for confounders, we
restricted our analyses to data from
studies in which both index and refer-
ence standard tests were evaluated in the
same participants. Subgroup effects were
investigated by stratifying the analyses
by age - categorized as preschool chil-
dren and infants, school-aged children
or adults — as well as the sensitivity of the
reference standard and the background
endemicity of either the intestinal schis-
tosomiasis investigated — categorized as
low, moderate or high - or the urinary
schistosomiasis investigated - catego-
rized as low or high.

Heterogeneity and subgroup
analysis

We assessed heterogeneity by inspecting
forest plots for overlapping confidence
intervals and outlying data. Although
we generally considered a P-value below
0.05 to indicate statistical significance,
we used a more sensitive threshold*>*
- i.e. a P-value below0.10 - to indicate
statistically significant heterogeneity.
Where such significant heterogeneity
was detected, we carried out subgroup
analyses based on clinical and method-
ological differences.

We applied an exploratory analysis
based on a latent class bivariate model*
to investigate the performance of anti-
gen testing — compared with Kato-Katz
tests used as the reference standard. For
this analysis, Latent GOLD version 5.0
(Statistical Innovations Inc., Belmont,
United States of America)®® was used to
capture the between-study heterogeneity
in sensitivity and specificity — assuming
that our included studies belonged to
one of several latent classes.”

Results

We retrieved 4578 records in the ini-
tial search. The data in 20 published
articles on the 26 studies that met all of
our inclusion criteria were included in
the review (Fig. 1 and Table 1). In this
article we present our main findings on
the performance of antigen testing com-
pared with Kato-Katz smears and urine
filtration. More details on this topic and
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Fig. 2. Single point-of-care testing for circulatory cathodic antigen in the detection of
Schistosoma haematobium infection: summary receiver-operating characteristic

curve
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AUC: area under the curve.

Notes: The analysed data came from two studies™! in which, for each participant, filtration of a 10-ml
urine sample served as the reference standard. Each participant was tested once for antigen, using
reagent strips. In the antigen testing, all positive results — including trace positives — were considered
indicative of infection. The graph contains six separate types of information, represented by six separate
types of graphical feature. Hollow circles represent the point estimates for the sensitivity and specificity
of each study. Each of these circles is surrounded by a light grey oval, which presents the 95% credible
region associated with that particular study. Similarly, the summary models — produced by pooling the
estimates from each of the studies using a standard bivariate model - are presented both as a point
estimate, represented by a solid green circle, and an associated 95% credible region, represented by
the black oval. In addition to this, the best estimate for how the sensitivity and specificity vary with the
diagnostic threshold adopted is represented by a line which runs from the bottom left to the top right
portion of the graph. The solid section of this line represents interpolated estimates — which fill in the
gaps between the studies available — whereas the dashed parts of this line are extrapolated from the
data and are therefore more dependent on the modelling assumptions. Both the interpolated and the
extrapolated parts of this line are needed to estimate the AUC, which is a measure of the antigen test's
diagnostic accuracy.

on other parts of the meta-analysis we
conducted are available from the cor-
responding author.

All of the included studies were
conducted in Africa - i.e. in East Afri-
Ca,2},2‘1,}8710,r127'15,‘177'19 WeSt Africa]7,20,2],;3(),37,'16
southern Africa® or five countries scat-
tered across Africa.”> Most were cross-
sectional and none was a randomized
control trial. Three of the studies were
conducted in the 1990s and used the
older version of the test for circulatory

526

cathodic antigen.'”*" The rest were
conducted after 2000. All but two of
the included studies involved the de-
tection of S. mansoni. Two involved the
detection of S. haematobium (Fig. 2)
and none investigated S. japonicum
infections.

Each of two publications®”?' re-
ported studies conducted in settings
of low, moderate and high endemicity.
We treated each of these publications
as a report on three studies, which

Anthony Danso-Appiah et al.

we designated studies 1, 2 and 3. As
another investigation® had both adult
and child participants and reported
data separately for these two age groups,
we were able to analyse its data as if
they came from two studies. Since one
publication” included some data from
primary research represented by other
articles included in our analysis, we had
to be careful to avoid duplicate analyses.
When contacted, the authors of three
included articles***** provided useful
unpublished data.

One antigen test per participant
Versus single Kato—Katz

The accuracy of single antigen test-
ing compared with single Kato-Katz
reference testing - i.e. the examination
of two smears of a single stool sample
per participant — for the detection of
S. mansoni infection had been inves-
tigated in seven studies,?!20-#54445,25.24
in Cameroon, Cote d’Ivoire, Ethiopia,
Kenya and Uganda. Our meta-analysis
of the data from these studies indicated
that the antigen test had a high pooled
sensitivity (0.90; 95% CI: 0.84-0.94)
but a low pooled specificity (0.56; 95%
CI: 0.39-0.71; Fig. 3). The area under
the corresponding receiver-operating
characteristic curve indicated that the
antigen test had an accuracy of 0.86
(Fig. 4; available at: http://www.who.
int/bulletin/volumes/94/7/15-158741).
The same curve indicated that there had
been wide variation in the antigen test’s
false-positive rate when the test had
been used to detect S. mansoni infection.

Versus triple Kato—Katz

In 14 studies on the detection of
S. mansoni infection - described in
Illne articlesl(),Z1,24,32,38,4(),46,48,4‘) _ Slngle
antigen testing had been compared
with triple Kato-Katz reference testing
- i.e. the examination of two smears of
each of three consecutive stool samples
per participant. When pooled, these
comparisons indicated that the antigen
test had a sensitivity of 0.85 (95% CI:
0.80-0.88) and a specificity of 0.66
(95% CI: 0.53-0.76). The wide CIs of
some of the studies indicated the ef-
fects of small sample sizes. While the
estimates of the antigen test’s sensitivity
showed some consistency, there was
huge variation in the corresponding
estimates of specificity (Fig. 5).
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Fig. 3. Accuracy of single point-of-care testing for circulatory cathodic antigen in the detection of Schistosoma mansoni infection

Study TP FP FEN TN Sensitivity Specificity

Standley 2010 05 38 1 9 0.99(0.95-1.00) 19.(0. 0 0.33) [ | —

Coulibaly 2011 230 42 38 249 0.86(0.81-0.89) 0 86(0.81-0.89) - =
Shane 2011 231 664 35 833 0.87(0.82-090) 056 (0.53-0.58) - [ |

Tchuem Tchuenté 2012 247 208 27 231 0.90(0.86-0.93) 0.53(0.48-0.57) - -

frko 2013 251 158 16 195 0.94(0.90-096)  0.55(0.50-0.60) - E 3
Sousa-Figuereido 2013 133 316 37 429 0.78(0.71-0.84) 058 (0.54—0.61) —— =

Adriko 2014 114 M9 1 176 0.91(0.85-0.95) 0.60 (0.54-0.65) e N
Pooled effect 0.90(0.84-0.94)  0.56 (0.39-0.71) < e

T T T T 1 T T T T 1
0 02 04 06 08 1 0 02 04 06 08 1

Sensitivity Specificity

FN: false negatives; FP: false positives; TN: true negatives; TP: true positives.

Notes: The analysed data came from seven studies”*"***%“in which, for each participant, examination of duplicate Kato—Katz smears of a single stool sample
served as the reference standard. In the antigen testing, all positive results — including trace positives — were considered indicative of infection. Data points for two
studies”'** were extracted from a report” that included primary data from a multi-country study in Africa. Although reagent strips were used as the antigen tests in

two of the studies,* most of the data came from studies in which cassette assays had been used.

Fig. 5. Accuracy of single point-of-care testing for circulatory cathodic antigen in the detection of Schistosoma mansoni infection

Study TP FP FN TN Sensitivity Specificity

Legesse 2007 130 59 2 4 0.86 (0.80-0.91) 0.41(0.32-0.51) " R

Legesse 2008 60 60 18 46 0.77 (0.66—0.85) 0.43(0.34-0.53) — ——

Coulibaly 2011 (study 1) 2 6 21 92 0.56(0.42-0.69)  0.94(0.87-0.97) —_— s |
Coulibaly 2011 (study 2) 48 5 2 56 070 (0.58-0.79) 0.92(0.82-0.96) — —
Coulibaly 2017 (study 3) 138 216 M1 0.90(0.84-094)  0.85(0.58-0.96) - —_—
Tchuem Tchuenté 2012 (study 1) a4 3 9 57 0.82(0.69-0.90) 0.65 (0. 54 0.74) —e —e—
Tchuem Tchuenté 2012 (study 2) 145 26 31 4 0.82(0.76-0.87) 0.62(0.51-0.73) - —e
Tchuem Tchuenté 2012 (study 3) 136 37 19 5 0.88(0.82-092)  0.57(0.47-0.67) - ——
Coulibaly 2013 52 104 4 82 0.93 (0. 83 0.97) 0.44(0.37-0.51) — —m

Dawson 2013 37147 2 0.84(0.71-0.92) 0.61(0.45-0.75) —a —

frko 2013 306 103 23 188 0.93(0.90-0.95) 0.65 (0.59-0.70) [ | -
Koukounari 2013 (study 1) 148 217 2 0.90 (0.84-0.93) 0.50 (0. 5 0.85) =

Koukounari 2013 (study 2) 189 7 4 37 0.82(0.77-0.87)  0.84(0.71-0.92) - —
Adriko 2014 155 140 21 153 0.88(0.82-0.92) 0.52(0.47-0.58) - |

Pooled effect 0.85(0.80-0.88)  0.66 (0.53-0.76) < -

[ T T T T 1
0 02 04 06 08 1
Sensitivity

FN: false negatives; FP: false positives; TN: true negatives; TP: true positives.

Notes: The analysed data came from 14 studies’*!#32 3840464542

I T T T T 1
0 02 04 06 08 1
Specificity

in which, for each participant, examination of duplicate Kato—Katz smears of three or, in one study,”

two consecutive stool samples — in two studies, ™’ combined with the results of formol—ether concentration — served as the reference standard. In the antigen
testing, all positive results — including trace positives — were considered indicative of infection. Although reagent strips were used as the antigen tests in two of the

studies, ™"

7-16 years and adults older than 16 years were treated as if they came from two independent studies.

Versus combined antigen test and Kato—Katz

One of the studies we included in our
analysis** had used the combined results
of single antigen testing with single
Kato-Katz reference testing in evaluat-
ing the performance of the antigen test
when detecting S. mansoni infection. In
this study, single antigen testing had been

found to have a high sensitivity (90%) and
optimal specificity (100%).

Three antigen tests per
participant
Versus combined antigen test and Kato—Katz

In the study just described,* the use of
three antigen tests per participant led to

Bull World Health Organ 201 6;94:522—533A| doi: http://dx.doi.org/10.2471/BLT.15.158741

most of the data came from studies in which cassette assays had been used. The data in one report® that presented separate results for children aged

slightly higher sensitivity (96%) and left
specificity unchanged (100%).

Versus triple Kato—Katz

In eight of the studies we included in our
analysis - i.e. three from Cameroon,”
four from Cote d’Ivoire’”*® and one
from Ethiopia® - triple antigen testing
for the detection of S. mansoni infection
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was compared with triple Kato-Katz
reference testing. The meta-analysis
of the data from these studies showed
that triple antigen testing gave a pooled
sensitivity of 0.91 (95% CI: 0.84-0.95)
and a pooled specificity of 0.56 (95%
CI: 0.39-0.72) (Fig. 6). Although the
sensitivities of the triple antigen test-
ing appeared to be fairly consistent
across the studies, the corresponding
specificities showed wide CIs and much
between-study variability.

Latent class analysis

We analysed 32 data points from studies
included in this review and identified
two latent classes for the antigen testing
(Table 2).

Discussion

In this review, we were disappointed
by the lack of a relevant randomized
controlled trial. Most of the data we
analysed came from cross-sectional
studies. Despite the variability in the
design of the studies we investigated,
including variation in the format of the
antigen tests employed, the studies gave
fairly consistent results. An independent
study found no batch-to-batch variation
in the cassette version of the antigen test
we investigated, negligible intra-reader
variability (2%) and substantial agree-
ment in the inter-reader reliability of
the test.”

As all the studies we included in
our analysis were conducted in Africa
and most only assessed the perfor-
mance of antigen testing for detecting
S. mansoni infection, there needs to
be much caution in generalizing our
findings to other endemic areas and
other schistosome species. Additional
studies — on the detection of S. mansoni
beyond Africa and on the detection of
other schistosome species throughout
the tropics and subtropics - are en-
couraged.”

The finding that the antigen test
performed better when endemicity was
high than when it was low has both
practice and control implications. As
schistosome control becomes more
successful, antigen testing may have no
advantage over Kato-Katz smears or
urine filtration. As there is no test for
schistosome infection that has 100%
sensitivity and 100% specificity, the ap-
parent performance of any index test is
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Table 2. Latent class analysis of the studies on the accuracy of point-of-care testing for
circulatory cathodic antigen in the detection of schistosome infection included

in the meta-analysis

Latent class and study CCAtest investigated, and no.  No. of stool samples
of samples per participant per participant®
Latent class 1
Coulibaly, 2011 Cassette (1) 1
Coulibaly, 2011 (study 1) Cassette (1) 3
Coulibaly, 2011 (study 1) Cassette (3) 3
Coulibaly, 2011 (study 2) Cassette (1) 3
Coulibaly, 2011 (study 2) Cassette (3) 3
Coulibaly, 2011 (study 3) Cassette (1) 3
Koukounari, 2013 (study 2) Cassette (1) 3
Latent class 2
Legesse, 2007 Cassette (1) I
Legesse, 2008 Reagent strip (1) I
Standley, 2010 Cassette (1) 1
Shane, 2011 Cassette (1) 1
Coulibaly, 2011 (study 3) Cassette (3) 3
Tchuem Tchuenté, 2012 Cassette (1) 1
Tchuem Tchuenté, 2012 (study 1) Cassette (1) 3
Tchuem Tchuenté, 2012 (study 1) Cassette (3) 3
Tchuem Tchuenté, 2012 (study 2) Cassette (1) 3
Tchuem Tchuenté, 2012 (study 2) Cassette (3) 3
Tchuem Tchuenté, 2012 (study 3) Cassette (1) 3
Tchuem Tchuenté, 2012 (study 3) Cassette (3) 3
Coulibaly, 2013 Cassette (1) 3
Coulibaly, 2013 Cassette (2) 2
Dawson, 2013 Cassette (1) 2
Erko, 2013 Cassette (1) 1
Erko, 2013 Cassette (1) 3
Erko, 2013 Cassette (3) 3
Koukounari, 2013 (study 1) Cassette (1) 3
Sousa-Figueiredo, 2013 Cassette (1) 1
Sousa-Figueiredo, 2013 (study 1) Cassette (1) 1
Sousa-Figueiredo, 2013 (study 2) Cassette (1) 1
Sousa-Figueiredo, 2013 (study 3) Cassette (1) 1
Adriko, 2014 Cassette (1) 1
Adriko, 2014 Cassette (1) 3

CCA: circulatory cathodic antigen.
¢ Each examined as a duplicate Kato—Katz smear.

® Stool samples were also checked by formol—ether concentration.

partially dependent on the performance
and other characteristics of the reference
test or tests. Microscopy performed on
multiple stool or urine samples - as ap-
propriate — might be considered to be an
effective parasitological gold standard.™
Researchers have suggested that a use-
ful gold standard might be created by
combining the results of the index and
reference tests.”” However, the combined
results of antigen and Kato—Katz testing
might be adversely affected by false-
positive antigen tests, false-negative

Kato-Katz tests and interdependence in
the two sets of results. When investigat-
ing the performance of antigen testing,
it may be better to use a test with a low
false-positive rate as the reference for
sensitivity — e.g. Kato-Katz testing of
multiple stool samples collected on dif-
ferent days from each participant — and
to evaluate the test’s specificity using
participants from non-endemic areas.
An alternative approach would be to use
a predicted gold standard at population
level - like the pocket chart described

Bull World Health Organ 2016;94:522-533A| doi: http://dx.doi.org/10.2471/BLT.15.158741
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Fig. 6. Accuracy of double or triple point-of-care testing for circulatory cathodic antigen in the detection of Schistosoma mansoni

infection
Study TP FP FN TN Sensitivity Specificity
Coulibaly 2011 (study 1) 32 17 16 & 0.67(0.53-0.78) 0.82(0.74-0.86) — -
Coulibaly 2011 (study 2) 51 9 15 48 0.77 (0.66—0.86) 0.84(0.73-0.91) — B
Coulibaly 2011 (study 3) 138 3018 10 0.91(0.86-0.95) 0.77(0.50-0.92) - ——
Tchuem Tchuenté 2012 (study 1) 46 40 4 8 092(0.81-097)  0.55(0.44-0.65) —= ——
Tchuem Tchuenté 2012 (study 2) 160 45 16 24 0.91(0.86—0.94) 0 35 (0.25-0.47) - -
Tchuem Tchuenté 2012 (study 3) 149 60 6 2/ 0.96 (0.92-0.98) 31(0.22-0.41) | —a—
Coulibaly 2013 3132 3 %4 0.95 (0.85-0.98) 0 29 (0.23-0.36) —= -
frko 2013 313 126 16 165 0.95(0.92-0.97) 0.57(0.51-0.62) [ | : |
Pooled effect 0.91(0.84-0.95)  0.56(0.39-0.72) < P

I T T T T
0 02 04 06 08 1
Sensitivity

FN: false negatives; FP: false positives; TN: true negatives; TP: true positives.
Notes: The analysed data came from eight studies”*"**“* in which, for each participant, examination of duplicate Kato—Katz smears of three — or, in one study,*
two — consecutive stool samples served as the reference standard. Each participant was tested three times — or, in one study,” twice — for antigen, using cassette
assays. In the antigen testing, all positive results — including trace positives — were considered indicative of infection.

by researchers.”” Although the combined
results of antigen and Kato-Katz testing
are not being employed in any current
control programme, they may become a
diagnostic option in the future.

The absence of a clear and accurate
reference standard creates additional
uncertainty in the meta-analysis of
results data from any diagnostic test.
After investigating heterogeneity pat-
terns through latent class bivariate
analysis,” we identified two latent
classes (Table 2). As the substantial
variation we observed in the diagnostic
accuracy of the antigen test could not
be entirely explained by a threshold ef-
fect, we conducted subgroup analyses.
The results indicated that the number
of urine samples tested per participant
had little effect on the antigen test’s sen-
sitivity and specificity (data available
from corresponding author). When
we attempted to relate latent class to
several background factors, we found
that the number of urine samples tested
per participant and the study year and
country had little effect on the antigen
test’s accuracy (data available from
corresponding author). Several other
factors that could not be thoroughly

explored at this stage - e.g. age, ende-
micity and effect of treatment - require
further investigation.

If not fully cured, most individu-
als covered by mass administrations of
praziquantel will have light infections
that can easily be missed by insensitive
tests. Although we made no comparison
of the antigen test’s performance before
and after treatment, we evaluated the ef-
fect of endemicity on the performance
of antigen testing with the specific aim of
determining how the test would perform
in settings with generally low intensities
of infection. We appreciate the fact that
important additional evidence could
have come from post-treatment stud-
ies and - given that our meta-analysis
involved mostly cross-sectional stud-
ies — there may have been unknown
confounding factors. We are also aware
that our analysis was limited to data
from Africa recorded in 20 articles.
Despite these limitations, the findings
of the studies included in our analysis
seem fairly consistent. Although the
quality of the included studies was not
formally assessed, potential sources of
heterogeneity were explored. Our main
conclusions are consistent with the

Bull World Health Organ 2016;94:522—-533A doi: http://dx.doi.org/10.2471/BLT.15.158741
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available evidence shown and are likely
to be reliable.

In conclusion, the antigen testing
we evaluated appears to represent an
effective, easy and low-cost tool for map-
ping and monitoring programmes for
the control of S. mansoni and, possibly,
S. haematobium. Well-designed studies
involving head-to-head comparisons of
the cost and cost-effectiveness of anti-
gen testing and either Kato-Katz smears
or urine filtration and evaluations of the
performance of antigen testing post-
treatment are recommended. l
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Résumé

Précision des tests de détection de 'antigéne cathodique circulant réalisés sur les lieux des soins pour le diagnostic des

schistosomiases: revue systématique et méta-analyse
Objectif Evaluer la précision des tests de détection de I'antigéne
cathodique circulant pratiqués sur les lieux des soins pour le diagnostic
des schistosomiases.

Méthodes Nous avons fait des recherches dans MEDLINE, EMBASE,
LILACS et d'autres bases de données bibliographiques pour trouver des
études publiées jusqu'au 30 septembre 2015 décrivant les résultats de
tests de détection de I'antigéne cathodique circulant comparativement
a ceux obtenus avec un, deux ou trois tests Kato-Katz réalisé(s) pour
chaque sujet (pour le dépistage d'une infection a Schistosoma mansoni)
ou comparativement aux résultats de I'examen par filtration d'un
échantillon de 10 mld'urine par sujet (pour le dépistage d'une infection

a S. haematobium). Nous avons extrait les nombres de vrais positifs, de
faux positifs, de vrais négatifs et de faux négatifs associés a la technique
de détection antigénique et nous avons réalisé des méta-analyses en
employant un modele de régression hiérarchique bivarié.

Résultats Vingt-six études publiées entre 1994 et 2014 ont respecté
les criteres dinclusion. Pour le dépistage des infections a S. mansoni,
avec un test unique de détection antigénique, nous avons obtenu
une sensibilité combinée de 0,90 (intervalle de confiance -IC- de 95%:
0,84-0,94) et une spécificité combinée de 0,56 (IC de 95%: 0,39-0,71;
n=7) par comparaison avec les résultats d'un seul test Kato-Katz. Par
comparaison avec les résultats de deux ou de trois tests Kato-Katz
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pour un méme sujet, ces valeurs ont été estimées a 0,85 (IC de 95%:
0,80-0,88) et 0,66 (IC de 95 % 0,53-0,76; n=14) respectivement. La
réalisation de trois tests de détection antigénique plutét que d'un seul
ne semble apporter aucun avantage. Pour le dépistage des infections
a S. haematobium, les tests de détection antigénique se sont révélés
peu sensibles et peu spécifiques par comparaison avec les résultats des
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examens d'urine par filtration. Les tests de détection antigénique ont
été plus performants dans les régions a forte endémicité que dans les
régions a faible endémicité.

Conclusion Les tests de détection antigénique peuvent constituer des
outils efficaces pour le suivi des programmes de lutte contre S. mansoni.

Pesiome

TouHoCTb TeCTUPOBAHUA Ha Ll,VIpKan/IpWOU.IMVI KaTOAHDbIN aHTUTeH No MeCTy ieyeHnAa npu guarHocTumke

LUNCTOCOMO3A: CMCTeMaTUUYeCKnin 0630p N MeTaaHanuns3
Lenb [1atb OLEHKY TOUHOCTM TECTUPOBAHMA Ha LMPKYIVPYIOLNIA
KaTOAHbI QHTUMEH MO MECTY NeYEHMA NPY AarHOCTVKE LIMCTOCOMO3a.
Mertopbi bbin ocyLiecTneH nomck B 6azax aaHHbIx MEDLINE, EMBASE,
LILACS v gpyrux 6ubnvorpaduueckix 6asax faHHbIX Ha npeameTt
nccnenosaHnia, onybnmkoraHHbix Ao 30 ceHTAbpa 2015 roaa, B
KOTOPbIX Pe3yNbTaThl TECTUPOBAHWA Ha LIMPKYANPYIOLLMA KaTOAHbIN
aHTUreH CPaBHMBaNMChH Bbl C pe3ynbTaTamyi OT 1 A0 3 aHanmn3oB nNpoob,
B3ATbIX Y OAHOTO NalWieHTa, No Metoy Kato-Kal ins obHapyxeHwvs
Schistosoma mansoni unu ¢ pesynbTaTamy GUNbTPOBAHUA
ofiHoro obpasta moyu (10 Mn), B3ATOrO y OAHOrO MauueHTa, ans
obHapyxeHus S. haematobium. bbino nogcunTaHoO KONMYeCcTso
NCTUHHO MONOXUTENbHbBIX, TOXKHO MONOKUTENBHBIX, NCTUHHO
OTPMLLATENBHbBIX M TIOXHO OTPULIATENbHbBIX PE3YETATOB TECTUPOBAHWA
Ha aHTW1Tena, 1 6blIn NpoBefeHb MeTaaHan13bl C KOHCTPYMPOBaHVIEM
[IBYMEPHOW MepapxXmnyeckomn perpeccuim.

Pesynbrathbl [IBagLaTs WeCTb MCCNeA0BaHNIA, ONyOANKOBAHHbLIX B
nepuog mexay 1994 n 2014 rogamu, COOTBETCTBOBASIN KPUTEPUAM

BKtoUeHMA. Mpu AnarHocTke S. mansoni obbearHeHHas
YyBCTBUTENBHOCTL METOAa NpW NPOBefeHUr OfHOro TecTa Ha
aHTUTena coctasuna 0,90 (95%-1 poBepuTensHbIN MHTepBan, [M:
0,84-0,94), a obbearHeHHaa cneundruHocTs — 0,56 (95%-1 [M:
0,39-0,71; n =7) B CpaBHEHWM C OAHMM aHanM30om No MeTofy Kato-
Kau. CooTBeTCTByIOWME 3HAUEHWA, B CPAaBHEHMI C pe3y/bTaTamm
OT 2 A0 3 aHanv3oB No MeTofy KaTo-Kau And Kax4oro naumeHTa,
6b1n1 pasHbl 0,85 (95%-i [N 0,80-0,88) 1 0,66 (95%-i 1: 0,53-0,76;
n = 14) COOTBETCTBEHHO. BbINO YCTaHOBNEHO, UTO MPOBEAEHIE TPEX
TECTOB Ha aHTUTeNa BMECTO OAHOIO He ABMIAETCA LienecoobpasHbiM. B
CPaBHEHWN C pe3ynbTaTami GUIBTPOBAHNA MOUM UyBCTBUTENBHOCTb
1 cneundUUHOCTb MeToAa NP TeCTMPOBAHWI Ha aHTUTeNa ana
AmarHocTvkm S. haematobium 6binv HeygoBNETBOPUTENBHBIMA.
IbdeKTVBHOCTb TECTMPOBAHWA Ha aHTUTENa Obina Bbille B 30HaX C
BbICOKOM SHAEMNYHOCTBIO, YEM B YCIIOBUAX C HU3KOW SHAEMUYHOCTBIO.
BbiBop, TeCTpOBaHME Ha aHTUTENA MOXKET MOCITYKUTb SOGEKTVBHBIM
CNocoboMm AnA NPOrpamMm MOHUTOPKHIA Mo 6opbbe ¢ S. mansoni.

Resumen

Exactitud de las pruebas en el punto de atencion en busca de antigenos catddicos circulantes en la deteccion de infeccion por

esquistosomas: una revision sistematica y un metaanalisis
Objetivo Fvaluarla exactitud de las pruebas en el punto de atencién en
busca de antigenos catédicos circulantes en el diagnéstico de infeccién
por esquistosomas.

Métodos Se realizaron busquedas en MEDLINE, EMBASE, LILACS y
otras bases de datos bibliogréficas para encontrar estudios publicados
hasta el 30 de septiembre de 2015 que describiesen las pruebas de
antigenos catédicos circulantes en comparacidn con entre unay tres
pruebas de Kato—Katz por sujeto (para encontrar Schistosoma mansoni)
o la filtracién de 10 ml. de muestra de orina por sujeto (para encontrar
S. haematobium). Se extrajeron las cifras de positivos, falsos positivos,
negativos y falsos negativos para las pruebas de antigenos y se realizaron
metaanalisis mediante un modelo bivariante de regresion jerarquica.
Resultados Entre 1994 y 2014 se publicaron veintiséis estudios que
cumplian los criterios de inclusion. Para detectar S. mansoni, una sola
prueba de antigenos ofrecié una sensibilidad combinada de 0,90

(intervalo de confianza, IC, del 95%: 0,84-0,94) y una especificidad
combinada del 0,56 (IC del 95%: 0,39-0,71; n=7) en comparacién con
una unica prueba de Kato—Katz. Los valores correspondientes derivados
de las comparaciones con entre dos y tres pruebas de Kato—Katz por
sujeto fueron del 0,85% (IC del 95%: 0,80-0,88) y del 0,66 (IC del 95%:
0,53-0,76;n=14),respectivamente. No parecfa haber ventajaalgunaala
hora de utilizar tres pruebas de antigenos por sujeto en lugar de una. En
comparacion con los resultados de la filtracion de orina, las pruebas de
antigenos de S. haematobium mostraron una sensibilidad y especificidad
bajas. Los resultados de las pruebas de antigenos fueron mejores en
zonas de alta endemicidad que en lugares de baja endemicidad.
Conclusién Las pruebas de antigenos pueden representar una
herramienta eficaz para los programas de supervision para el control
de S. mansoni.
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Single point-of-care testing for circulatory cathodic antigen in the detection of
Schistosoma mansoni infection: summary receiver-operating characteristic curve
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**in which, for each participant, examination

AUC: area under the curve.
Notes: The analysed data came from seven studies”” i
of duplicate Kato—Katz smears of a single stool sample served as the reference standard. In the antigen
testing, all positive results — including trace positives — were considered indicative of infection. Data
points for two studies”** were extracted from a report” that included primary data from a multi-country
study in Africa. Although reagent strips were used as the antigen tests in two of the studies,** most
of the data came from studies in which cassette assays had been used. The graph contains six separate
types of information, represented by six separate types of graphical feature. Hollow circles represent the
point estimates for the sensitivity and specificity of each study. Each of these circles is surrounded by a
light grey oval, which presents the 95% credible region associated with that particular study. Similarly,
the summary models — produced by pooling the estimates from each of the studies using a standard
bivariate model - are presented both as a point estimate, represented by a solid green circle, and an
associated 95% credible region, represented by the black oval. In addition to this, the best estimate
for how the sensitivity and specificity vary with the diagnostic threshold adopted is represented by
a line which runs from the bottom left to the top right portion of the graph. The solid section of this
line represents interpolated estimates — which fill in the gaps between the studies available — whereas
the dashed parts of this line are extrapolated from the data and are therefore more dependent on the
modelling assumptions. Both the interpolated and the extrapolated parts of this line are needed to

estimate the AUC, which is a measure of the antigen test’s diagnostic accuracy.
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